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The  effect  on  plasma  and  red  cell  volume  and  protein  concentration  of  exchanging 
homologous  plasma  for  the  dogs'  own  blood  before  a  hemorrhage  to  35  mm  Hg  mean 
arterial  pressure  was  tested  in  morphine-pentobarbitalized  dogs.  The  exchange  was 
accomplished  by  bleeding  the  animals  from  an  artery  (44  cc/kg  of  blood)  and  at  the 
same  rate  simultaneously  infusing  homologous  plasma  (44  cc/kg)  through  a  vein. 

The  measured  cell  and  plasma  volumes  and  protein  concentration  were  in  good 
agreement  with  the  expected  after  the  exchange.  Therefore,  homologous  plasma 
successfully  replaced  the  dogs'  plosma  removed  during  the  exchange,  and  no  reac¬ 
tion  was  seen  attributable  to  the  plasma  infusion.  When  these  animals  were  sub¬ 
jected  to  hemorrhage,  the  mean  bleeding  volume  was  30%  to  reach  a  level  of  35 
mm  Hg  arterial  pressure  in  contrast  to  46%  for  dogs  not  receiving  an  exchange. 

Also  5.9  cc/kg  of  plasma  and  0.46  gm/kg  of  protein  has  escaped  from  the  circula¬ 
tion  while  previously  there  was  mobilization  of  fluid  and  protein  after  a  hemorrhage. 


NOTE;  Copies  of  this  report  are  filed  with  the  Armed  Services  Technical  Informa¬ 
tion  Agency,  Arlington  Hall  Station,  Arlington  12,  Virginia,  and  may  be 
'obta  ■ned  from  that  agency  by  qualified  investigators  working  under 
Government  contract. 
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Recently  data  has  been  presented  indicating  that  homologous  plasma  or 
blood  differs  from  autologous  by  producing  a  certain  group  of  responses  when 
infused  into  a  dog.  Bliss  et.al.  (1),  first  reported  that  intradermal  injection  of 
plasma  from  another  dog  produced  well  marked  wheals.  Then,  reasoning  that  such 
a  marked  intradermal  response  could  be  paralleled  by  a  systemic  response  if 
homologous  plasma  was  infused,  an  experiment  was  done  to  investigate  this  possi¬ 
bility  on  normovolemic  dogs.  On  infusion  of  homologous  plasms,  urticaria  devel¬ 
oped  and  the  dogs  did  not  retain  the  infused  fluid  and  protein  within  the  circula¬ 
tion,  These  phenomena  did  not  occur  if  autologous  plasma  was  infused  (2), 

These  observations  were  confirmed  and  extended  further  by  investigations 
which  described  the  following  symptoms  occurring  with  transfusion  of  homologous 
blood  or  plasma  into  normovolemic  dogs;  fall  in  blood  pressure,  skin  edema, 
labored  respiration,  prolonged  bleeding  time  and  death  of  a  majority  of  dogs 
within  a  24  hour  period.  Associated  with  this  syndrome,  and  presumably  a  part  of 
it,  was  a  descrepancy  between  the  measured  and  expected  plasma  volume:  the 
measured  plasma  volume  wos  always  less  than  the  expected.  None  of  these  reac¬ 
tions  occurred  when  autologous  blood  or  plasma  was  infused  (3). 

These  various  responses  were  suggestive  of  a  foreign  protein  reaction  and 
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because  they  occurred  with  the  infusion  of  homologous  plasma  as  well  as  blood,  it 
was  suggested  that  an  unknown  "plasma  factor"  must  be  the  inciting  agent  (1-3). 

The  problem  of  hypervolemia  resulting  from  such  transfusions  was  avoided  by 
Lawson  et.al.  (4)  by  simultaneously  witir'rawing  a  volume  of  blood  equivalent  to 
that  infused.  Under  these  circumstances  the  distribution  spaces  of  the  dye  T-1824 
and  agreed  with  those  calculated  from  the  dilution  of  the  tags  when  untagged 
autologous  whole  blooo  but  not  homologous  was  used  for  the  exchange.  In  another 
experiment  in  which  autologous  blood  was  transfused  to  increase  the  blood  volume 
of  normovolemic  dogs,  the  agreement  for  the  cell  volume  was  good,  but  large  dif¬ 
ferences  occurred  between  the  plasma  volumes  determined  initiolly  by  T-1824  and 
that  calculated  subsequently  from  the  dilution  of  the  tag. 

Contrary  to  these  data  when  dogs  were  rendered  hypovolemic,  plasmu  vol¬ 
ume  restoration  occurred  equally  well  whether  homologous  or  autologous  plasma 
was  used.  Further,  there  were  only  2  of  the  19  dogs  that  developed  wheals,  and 
these  were  minor  in  character  (5). 

To  test  the  reported  difference  between  the  measured  and  expected  plasma 
volumes  when  homologous  blood  or  plasma  was  infused,  an  experiment  was  devised 
using  dogs  in  which  homologous  plasma  was  exchonged  for  blood  so  that  the  blood 
volume  was  not  expanded. 
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the  blood  plasma  exchange.  Samples  were  faken  at  10,  20,  30  and  60  minutes 
after  the  dye  and  tagged  red  cell  injections.  Then  the  tube  leading  to  the  bleed¬ 
ing  bottle  was  reopened  and  the  dogs  were  bled  slowly  to  a  mean  arterial  pressure 
of  35  mm  Hg.  When  the  mean  arterial  pressure  of  the  dog  fell  below  35  mm  Hg, 
the  tube  was  clamped  and  the  final  measurements  were  made. 

RESULTS 

A  mean  volume  of  44.0  cc/kg  of  blood  was  removed  and  44.0  cc/kg  of 
plasma  was  simultaneously  infused.  The  exchange  was  accomplished  with  only  a 
small  decrease  in  mean  arterial  pressure  from  the  control  level  of  101  to  91  mm  Hg. 
However,  one  dog,  not  included  in  the  mean  value,  had  a  precipitous  fall  in  pres¬ 
sure.  After  the  exchange  the  agreement  between  the  measured  and  expected 
plasma  and  cell  volume  and  protein  concentratiori  was  very  good.  As  a  result  of 
the  exchange  of  plasma  for  blood,  the  venous  hematocrit  fell  from  42.4  to  23.9%, 
the  circulatory  hematocrit  from  36.8  to  19.3%,  and  the  decreased  from 

0.87  to  0.80  (Table  1). 

Then  the  dogs  were  bled  slowly  to  a  mean  arterial  blood  pressure  of  35  mm 
Hg.  The  mean  bleeding  volume  to  reach  this  pressure  was  23  cc/kg,  and  repre¬ 
sented  30%  of  the  measured  blood  volume.  Contrary  to  our  usual  experience,  the 
blood  pressure  tended  to  fall  progressively  during  the  final  determinations.  The 
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blood  volume  offer  the  hemorrhage  was  significantly  less  than  the  expected 
because  5.9  cc/kg  of  plasma  apparently  left  the  circulation.  At  the  same  time 
there  was  a  loss  of  0.46  gm/kg  of  protein  reducing  the  concentration  from  an 
expected  5.25  to  a  measured  5.08  gm/lOOcc,  The  concentration  of  protein  leav¬ 
ing  the  circulation  was  7.8  gm/lOOcc  of  plasma. 


DISCUSSION 


Depending  on  the  experiment,  the  infusion  of  homologous  plasma  or  blood 
results  in  effects  different  than  those  obtained  with  autologous  plasma  or  blood 
(2-5).  The  present  experiment,  with  some  modifications,  is  similar  to  one 
reported  by  Lawson  et.al.  (4),  in  which  they  utilized  the  principle  of  exchonging 
the  blood  of  a  dog  for  either  homologous  or  autologous  blood  or  plasma.  However, 
the  plasma  used  for  the  autologous  experiment  was  contaminated,  as  they  point 
out,  by  as  much  as  50%  homologous  plasma.  In  spite  of  this,  they  found  that  with 
this  so-called  "autologous"  plasma  infusion  the  distribution  space  of  T-1824 
agreed  with  the  space  calculated  from  the  infused  unlabeled  plasma.  This  agree¬ 
ment  did  not  occur  if  only  homologous  blood  or  plasma  was  infused.  However, 
when  autologous  plasma  was  used  to  expand  the  blood  volume  of  a  normovolemic 
dog  the  results  were  more  like  those  obtained  with  the  exchange  experiment  in 
which  homologous  blood  or  plasma  was  used;  although  this  experiment,  too,  was 
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complicated  by  the  use  of  homologous  blood  to  replace  autologous  blood  in  order 
to  maintain  the  original  blood  volume. 

In  our  initial  experiment,  which  was  comparable  to  their  exchange  experi¬ 
ment  with  homologous  plasma,  both  the  measured  cell  and  plasma  volumes  agreed 
well  with  the  expected  volumes.  The  latter  was  calculated  from  the  initial  mea¬ 
surements  and  the  red  cells  and  plasma  removed  from  and  added  to  the  circulation 
with  the  exchange.  Further,  none  of  the  dogs  developed  reactions  attributed  to 
homologous  blood  or  plasma  by  various  investigators,  although  it  has  been  reported 
previously  that  about  10%  of  the  dogs  overtransfused  with  homologous  blood  devel¬ 
oped  a  mild  urticaria  (10).  Therefore,  it  was  found  that  homologous  plasma  suc¬ 
cessfully  replaced  the  dogs'  plasma  removed  during  the  exchange,  end  it  can  be 
concluded  that  under  these  experimental  conditions  homologous  plasma  does  not 
produce  any  effect  other  than  would  have  been  expected  with  autologous  plasma. 
However,  there  were  striking  differences  between  these  dogs  subjected  to  a 
blood-homoiogous  plasma  exchange  and  control  dogs  subjected  to  hemorrhage. 

From  previous  data,  for  example,  when  dogs  were  bled  to  35  mm  Hg  the  mean 
bleeding  volume  was  46%  of  the  initial  blood  volume,  and  7  cc/kg  of  fluid  was 
added  to  the  circulation  with  a  mean  protein  content  of  3.2  gm/lOOcc  (11).  The 
dogs  in  the  present  experiment,  on  the  contrary,  only  bled  a  mean  of  30%  of  their 
blood  volume  to  reach  an  arterial  pressure  level  of  35  mm  Hg.  The  plasma  volume 
and  total  protein,  instead  of  being  greater  than  the  expected,  was  less  than  the 
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expected  because  5.9  cc/kg  of  plasma  and  0.46  gm/kg  of  protein  has  left  the  cir¬ 
culation. 

These  data  lead  to  the  conclusion  that  the  exchange  of  homologous  plasma 
for  the  animal's  blood  before  the  hemorrhage  has  in  some  manner,  at  present 
unknown,  both  reduced  the  bleeding  volume  and  prevented  the  usual  movement 
of  fluid  and  protein  into  the  circulation  accompanying  a  hemorrhage  to  35  mm  Hg 
arterial  pressure.  There  is  no  evidence  indicating  that  the  same  results  might  not 
have  been  obtained  if  autologous  plasma  had  been  used  for  the  exchange.  Unfor¬ 
tunately,  neither  the  present  experiments  nor  those  of  Lawson  et.ol.  (4)  permit 
even  tentative  conclusions  concerning  the  mechanism  producing  this  effect. 

The  hematocrit  of  the  blood  removed  during  hemorrhage  was  the  same  as  the 
venous  hematocrit  and  higher  than  the  circulatory  hematocrit,  consequently,  in 
spite  of  plasma  leaving  the  circulation  with  hemorrhage  the  latter  did  not  increase, 
but  on  the  other  hand  the  venous  hematocrit  decreased  after  hemorrhage.  Thus,  it 
may  be  assumed  that  plasma  from  the  small  vessels  or  low  hematocrit  compartment 
entered  the  large  vessel  system  or  high  hemotocrit  compartment  (12).  Conse¬ 
quently,  the  BVR^gllj  increased  from  0.80  after  the  plasma-blood  exchange  to 
0.91  after  the  hemorrhage. 


TABLE  I .  Plosma-blood  exchonge  followed  by  hemoirhoge  to  35  mm  Hg  mean  Qrteriol  pressure.  _ _ 

Venous  Plasma  Cell  Blood  Circulatory  BVR^gHj  Plasma  Proteins 

Hematocrit _ Volume _ Volume _ Volume _ Hemotocrit - - 

- %  %  £m/100cc  gmAg 
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Progress  Report  (Continued) 


In  addition,  work  accomplished  in  this  laboratory  since  the  beginning  of  contract 
number  DA-49- 193-MD-2357  is  summarized  by  the  following  abstracts  of  papers 
submitted  for  publication  to  the  American  Journal  of  Physiology. 

I.  Volume  Distribution  of  Evans  Blue  Dye  and  lodinated  Albumin  in  the  Dog, 

R,  A.  Huggins,  E.  L.  Smith  and  S.  Deavers 

372  morphine-pentobarbitalized  dogs  were  divided  into  groups  according  to  the 
sampling  time  after  injections  of  T-1824,  I  ,  or  both  simultaneously.  The 
data  were  programmed  for  digitol  computer  analysis.  In  dogs  receiving  the  tags 
separately  the  mean  plasma  volume  was  50.0  +  0.63  and  49,8  +  0,72  cc/kg  for 
dye  and  l'^',  respectively.  Three  simultaneous  T-1824  and  1^^^  tagged  albumin 
injections  were  made  with  samples  token  at  5,  10,  15,  20,  30,  45  and  60  minutes 
after  each  injection.  Mixing  was  complete  at  approximately  5  minutes.  Mean 
plasma  volumes  were  52.5  +  2.24  cc/kg  for  the  dye  and  49.3  +  1,69  cc/kg  for 
the  I  .  The  difference  was  not  significant.  In  this  group  there  was  o  good 
agreement  between  plasma  volumes  when  calculated  from  the  7  point  curve  or  from 
3  points  only,  indicating  that  all  points  were  part  of  the  same  straight  line. 
Therefore,  a  shorter  time  period  with  fewer  samples  is  advantageous.  Further¬ 
more,  when  maximum  accuracy  is  not  required,  the  5  minute  sample  gives  a  rea¬ 
sonable  estimate  of  plasma  volume.  There  was  an  apparent  steepening  of  the  dis¬ 
appearance  slope  with  ihe  third  injections  of  both  dye  and  1^^^ . 

Accepted  for  publication;  Am.  J.  Physiology,  1963. 


II.  The  Movement  of  Fluid,  Albumin  and  Globulins  With  Overtransfusion  and 

Hemorrhage. 

S.  Deavers,  E.  L.  Smith  and  R.  A.  Muggins 
Two  groups  of  18  morphine-pentobarbital ized  dogs  were  used  for  the  experiments. 
Determinations  of  plasma  volume  and  protein  concentration  were  made  before  and 
after  the  experimental  procedures.  The  first  group  was  bled  to  a  mean  arterial 
pressure  of  35  mm  Hg.  During  an  average  bleeding  time  of  74  minutes  in  which 
the  dogs  bled  48%  of  their  circulating  plasma  and  47%  of  their  total  protein,  29% 
of  the  plasma  and  14%  of  the  protein  removed  has  been  replaced  from  extravascu- 
lar  sources.  Those  dogs  that  bled  for  the  longest  time  gained  the  greatest  amount 
of  fluid  and  protein.  Globulins  comprised  74%  of  the  protein  mobilized.  The 
second  group  of  dogs  was  overtransfused  with  a  mean  volume  of  85  cc/kg  of  whole 
blood.  Thirty  minutes  after  the  transfusion,  20  cc/kg  of  plasma  and  0.53  gm/kg 
of  protein  escaped  from  the  vascular  system.  No  ;orrelatlon  was  found  between 
the  rate  of  infusion  and  the  rate  of  fluid  and  protein  loss.  Seventy  percent  of  the 
total  protein  leaving  the  circulation  was  albumin. 

Submitted  for  publlcatian;  Am.  J.  Physiology,  1963. 

III.  The  Effeoli  of  I  lijtOiY.lne  on  the  Distribution  of  Cells  end  Plasma  in  Dogs. 

E.  L.  Smith,  S.  Deavers  and  R.  A.  Huggins 

Cell,  plasma  volumes,  protein  concentration  and  venous  hematocrit  were  measured 
on  10  morphine-pentobaibitalized  dogs  before  and  after  subcutaneous  histamine 
diphosphate  (1  mg/kg  base).  The  mean  arterial  pressure  fell  from  98  to  50  mm  Hg. 
Cell  and  plasma  volumes  and  the  venous  hematocrit  increased  while  the  protein 


concentration  decreased  after  histamine.  The  circulatory  hematocrit  did  not 
change,  consequently  the  BVR^-gHj  decreased  from  0.88  to  0.78  after  histamine. 
Assuming  that  the  circulation  can  be  divided  into  a  low  and  high  hematocrit  com¬ 
partment.  the  volume  of  these  compartments  can  be  calculated;  they  contained  33 
and  67%  of  the  measured  blood  volume,  respectively.  Although  the  compartments 
contained  the  same  percentage  of  blood  after  histamine,  there  was  a  shift  of  cells 
from  the  low  to  the  high  hematocrit  compartment  while  plasma  shifted  in  the 
reverse  direction,  resulting  in  a  higher  venous  hematocrit.  A  good  agreement 
between  the  percentage  of  measured  cell  and  plasma  valumes  in  the  tissues  of  con¬ 
trol  dogs  and  in  the  calculated  low  hematocrit  compartment  lend  support  to  the 
present  calculations. 

Submitted  for  publication. 
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IV,  Disappearance  Rates  of  Multiple  Injections  of  T-1824  and  I  Tagged 

Albumin. 

S.  Deavers,  E,  L.  Smith  and  R.  A.  Huggins 
Sixteen  morphine-pentobarbitalized  dogs  were  given  T-1824  dye  three  or  four 
times  one  hour  apart.  Radioactive  tagged  albumin  was  administered  simultane¬ 
ously  with  the  last  dye  injection.  Another  sixteen  dogs  received  the  tags  in  the 
reverse  order.  With  successive  injections,  the  rate  of  dye  disappearance  v/as  the 
same  as  for  a  single  injection;  approximately  10%  in  60  minutes  and  iodinated 
albumin  left  the  circulation  at  the  same  rate  as  the  dye.  When  the  iodinated 
albumin  was  injected  three  or  four  times  and  the  dye  given  with  the  last  injection, 
there  was  a  slight  but  not  significant  difference  between  their  rate  of  disappear- 


once.  When  the  background  from  previous  injections  was  subtracted  before  the 

line  of  best  fit  and  intercept  ("zero"  minute  concentration)  were  calculated,  the 

disappearance  slope  of  the  lost  injection  steepened  significantly.  This  was  an 

arithmetical  artifact  and  had  no  physiological  validity.  When  five  times  the 
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usual  amount  of  dye  and  I  tagged  albumin  was  administered  simultaneously, 
their  disappearance  rates  were  again  10%  during  one  hour.  The  mean  plasma  vol 
umes  were  in  good  agreement  for  either  dye  or  iodinoted  albumin. 

Submitted  for  publication;  Am.  J.  Physiology,  1963. 
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